Abstract Multiple past studies have reported a reduced risk of breast cancer-related mortality (BCM) in relation to pre-diagnostic use of hormone therapy (HT); however, the extent to which this reduction is due to heightened screening or tumor biology is unknown. Using a population-based cohort of 1,911 post-menopausal women diagnosed with invasive breast cancer at ages 45-79 from 1993 to 1999, we investigated the extent to which the reduced risk in BCM observed in relation to HT might be explained by screening patterns or tumor features. Estrogen-progestin therapy (EPT) use was associated with a decreased risk of BCM (after adjustment for age, study, mammography, stage, and treatment), but only among older women (ever use: . Beyond the influence of EPT use on screening uptake, these data indicate that the improved survival associated with pre-diagnostic EPT use may be due in part to the development of more favorable tumor characteristics.
Introduction
There has been long-standing interest in the possible influence of menopausal hormone therapy (HT) not only on the risk of developing breast cancer but also on the risk of dying from breast cancer. Multiple studies have investigated the association between risk of breast cancer-related mortality (BCM) and HT with the majority observing a reduced risk of death among women using HT, such as combined estrogen-progestin therapy (EPT) and estrogenalone therapy (ET) [5, 7, 9, 18, 25, 26, 30, 34] . Previous studies have also reported EPT use and ET use to be associated with many tumor characteristics related to a favorable prognosis [3, 15, 16, 23] with one notable exception [6] . Specifically, the WHI trial reported EPT use to be associated with both an increased risk of advanced stage and larger tumor size [6] ; however, the WHI trial does not have estimates of BCM risk in relation to EPT use because insufficient follow-up time has elapsed for mortality analyses. At this point, the extent to which the reduced risk of BCM is due to differences in tumor biology or differences in health seeking behaviors between HT users and non-users remains unclear.
In addition, heterogeneity in BCM risk has been observed among postmenopausal women with middle-aged women found to have better survival than older women in some [1, 17, 22, 35] , but not all studies [8] . We thus hypothesized that age at diagnosis might also impact associations between menopausal HT use and the risk of BCM. Within a cohort of 1,911 post-menopausal breast cancer cases, our study examined the risk of death associated with pre-diagnostic use of EPT and ET, the extent to which mammography screening and/or tumor biology may explain the associations between EPT and BCM, and the presence of effect modification by age.
Materials and methods

Study design and data collection
The cohort study population, women diagnosed with invasive breast cancer between ages 45 and 79, was recruited from three previously conducted populationbased case-control studies of incident breast cancer in Western Washington state. The methods for these three studies, the Electromagnetic Fields and Risk of Breast Cancer (EMF) Study [12, 13] , the Women's Contraceptive and Reproductive Experiences (CARE) Study [24] , and the Puget Sound Area Breast Cancer Evaluation (PACE) Study [20] , have been reported previously. The EMF Study included Caucasian women aged 20-74 years who were diagnosed between January 1993 and March 1995, of which all cases ages 45-74 years were eligible for the cohort (n = 599); the CARE Study included African American and Caucasian women aged 35-64 years who were diagnosed between July 1994 and April 1998, of which all cases aged 45-64 years from the Seattle site of this multi-center study were eligible for the follow-up study (n = 763); the PACE Study included women aged 65-79 years who were diagnosed between April 1997 through December 1999 (n = 975). All cases were originally ascertained through the Cancer Surveillance System (CSS), the population-based tumor registry serving Western Washington, and a participant in the Surveillance, Epidemiology, and End Results (SEER) Program of the National Cancer Institute, which captures more than 99% of incident cancer cases. The three case study populations were mutually exclusive of one another. Cases were required to have had histologic confirmation of their breast cancer, be English speaking, and have had no previous breast cancer diagnosis. In summary, the study cohort comprises 2,337 women diagnosed with invasive breast cancer at ages 45-79 in the years 1993-1999 while residing within the three county Seattle metropolitan area. As this analysis focused on menopausal HT, we restricted the study population to women who were post-menopausal at diagnosis, resulting in 1,911 breast cancer cases for analysis.
As part of their participation in the previous case-control studies, women completed detailed in-person interviews which included histories of their lifetime use of HTs, including drug name, start and stop dates of use, separate and combined uses of estrogen and progestin, strength, and monthly pattern of pill use prior to diagnosis. In addition, trained abstractors reviewed medical records to obtain information on all courses of treatment for breast cancer, including radiation, chemotherapy, and hormonal treatment. Study interviewers and abstractors were not aware of the study hypotheses. Informed consent was obtained from participants in the parent studies, as well as within the follow-up study prior to the interview (for interviewed participants) or prior to medical record review. This study was approved by the Institutional Review Board of the Fred Hutchinson Cancer Research Center.
Information on ER and PR status came from our centralized pathology review and the CSS. In the relatively small number of discordant instances (3.5% for ER and 12.0% for PR), hormone receptor status was classified as positive due to the possibility of tumor heterogeneity leading to accurate but discordant results from two sources.
Follow-up
The primary source of information on follow-up and vital status was the CSS, which uses both active surveillance, primarily consisting of contact with physicians and tumor registrars at the last hospital reporting follow-up, and passive surveillance, which includes monitoring national and local databases such as the National Death Index, Washington State death certificates, the Health Care Finance Administration, and the Department of Motor Vehicles. CSS follows cases even after they move out of the CSS catchment area. Cause of death information was obtained from CSS, death certificate reviews, and medical records with primary importance placed on classifying whether the death was due to breast cancer. A 2003 validation study looking at cancer deaths observed 80% agreement between the cause of death from pathologists and from death certificate reviews [36] .
Participants underwent follow-up until the earliest of the date of death, the date last known to be alive, or the end date of follow-up (October 31, 2009). The 1,911 women eligible for this analysis were followed for a mean duration of 12.4 years. As of 10/2009, 98.8% of QUILT living cases had been successfully followed up by CSS in the last 12 months. The primary mortality end point was BCM. Of the 718 deaths observed to date, 283 (39.4%) were known to be due to breast carcinoma, 116 (16.2%) were due to cardiovascular disease, 73 (10.2%) were due to cancers other than breast cancer, 128 (17.8%) were due to other causes, and 118 (16.4%) were coded as unknown causes of death.
Statistical methods
Primary mortality analyses examined associations between pre-diagnostic HT use and the risk of BCM. The Cox proportional hazards model was used to estimate hazard ratios of risk factors for BCM and all-cause mortality. The failure times were left-truncated to account for the time lag between diagnosis and original interview. Censoring occurred at either the date of last known follow-up or the end date of follow-up (October 2009) if death had not occurred prior to this. Interaction terms were investigated using the likelihood ratio test (LRT).
Both duration and recency of pre-diagnostic HT use were examined as categorical variables. HT users of C60 months of use were classified as long-term users; those who used between 6 and 59 months of HT were classified as shortterm users. Recency of use was categorized as current or former use (C0.5 months since last use). Users of less than 6 months of HT use were excluded from our analyses. Never use of any HT served as the referent category.
We assessed the following factors for their potential confounding or modifying effects in analyses of the association between HT use and mortality: age at diagnosis, mammogram history (defined as having a screening mammogram in the 5 years prior to diagnosis), time since last screening mammogram (prior to diagnosis), SEER stage (local, regional/distant), histology (lobular, ductal, and other), estrogen receptor (ER) and progesterone receptor (PR) status (positive, negative), chemotherapy (ever, never), radiation (ever, never), hormone treatment (ever, never), type of hormone treatment (tamoxifen only, any aromatase inhibitors [AI], or none), mastectomy (yes, no), tumor size (\1 cm, 1-1.9 cm, C2.0 cm), smoking history (never, former, current), body mass index at the time of diagnosis (\25.0, 25-29.9, C30.0), education (some high school, graduated high school, some college, graduated college), income (\$15,000/year, $15,000-$24,999/year, $25,000-$49,999/year, C$50,000/year), race (white and non-white), age at menopause (\45, 45-49, C50), parity (nulliparous, 1-2, 3-5, C6), age at 1st fullterm pregnancy (\30, C30), age at menarche (B12, [12) , oral contraceptive use (ever, never), and breast cancer family history (1st degree relative[s] with breast cancer, no affected 1st degree relative[s]). The Mantel-Haenszel Chisquare test was used for bivariate analyses involving categorical variables.
Factors which were associated with both exposure and outcome and altered the HR by 10% or more were retained in the model. The exception to this was the inclusion of breast cancer treatment variables (regardless of association with exposure) in each survival model investigating the risk of BCM associated with HT use due to the strong association between breast cancer treatments and breast cancer-related survival.
In the investigation of effect modification by age at diagnosis, the age categories were set a priori at \65 and C65 years (for ease, henceforth referred to as middle-aged and older women, respectively). The time interval between menopause and HT use was calculated using a woman's age at menopause and age at first use of HT. For this variable, use within 5 years of menopause also includes women who began HT use peri-menopausally (up to 2 years before menopause) for whom determination of age at menopause has been described previously [24] .
In order to calculate the odds ratio (OR) and corresponding 95% CIs of developing a tumor with certain characteristics (many of which are known to affect prognosis) based on history of HT use, we used a logistic regression model adjusted for age at diagnosis, study, and mammography history. Stata (version 11.0) was used to conduct the analysis.
Results
The impacts of demographic and tumor characteristics on risk of breast cancer-related death and all-cause death are shown in Table 1 . Tumor characteristics known to be associated with poor prognosis, including regional/distant stage, advanced grade, larger tumor size, PR-negative, and ER-negative tumors, were associated with an increased risk of death. In addition, a strong reduction in risk of dying was associated with a history of a screening mammogram in the past 5 years, with a greater reduction in risk observed for Compared to never users, users of HT were more likely to have a history of OC use, lower body mass index (BMI), higher incomes and more education than never users (Supplemental Table S1 ). EPT users were also more likely to have an older age at menopause while ET users had a younger age at menopause. With respect to breast cancer treatment, users of HT were also more likely to use hormone treatments, including tamoxifen and AIs, after taking into account age and study.
Mammography screening in the 5 years before diagnosis was strongly associated with HT use (Table 2) , and this association did not differ between older and middle-aged women. Overall, the proportions of women with a mammogram were very high among users of EPT and ET (on average 94.7% and 93.5%, respectively, compared to 69.8% in never users). In addition, the mean time between diagnosis and a woman's last mammogram differed significantly between HT users and non-users with a mean of 21.3 months for non-users, 5.3 months for former EPT users, 2.6 months for current EPT users, 6.7 months for former ET users, and 3.4 months for current ET users.
To further examine the potential for mammography to impact the association between HT and BCM, we investigated how a woman's breast cancer was detected within a subset of the study population (from the EMF Study cases) on which this information was collected (n = 461). We observed no association between use of EPT or ET and the manner in which breast cancer was detected (comparing EPT use to never use: P value = 0.14; comparing ET use to never use: P value = 0.30). Specifically, breast cancer was found by the study participant 40.9% of the time for ever users of EPT, 33.3% of the time for ever users of ET, and 40.2% for never users; found by a health professional 14.4, 13.0, and 8.0% of the time, respectively, for EPT users, ET users, and never users; found by a screening mammogram 41.7, 52.6, and 51.8% of the time, respectively; or by another means 2.3, 0.5, and 0.0% of the time, respectively. There was also no association between HT and method of detection when investigated by recency of HT use, recency of mammogram, age, or stage.
There was the suggestion of a reduced risk of BCM associated with ever use of EPT in women overall (HR = 0.72 [95% CI 0.50-1.03]; Table 3 ). We observed the risk of BCM associated with use of EPT to differ by age at diagnosis (P heterogeneity = 0.04) with a 55% reduction in the risk of BCM associated with ever use of pre-diagnostic EPT among older women (95% CI 0.26-0.80) and no association among middle-aged women (HR = 1.03 [95% CI 0.60-1.79]) after controlling for age, study, stage, treatment, and mammography history. There was little additional variation in the risk estimates when examined in the context of duration and recency of EPT use. Adjustment for history of screening mammography substantially altered the risk of BCM associated with EPT use, as did adjustment for time since last mammogram. When mammography was not controlled for (i.e., removed from the above described model), ever use of EPT was associated with a 39% risk reduction of BCM (95% CI 0.44-0.84) in all women, a 59% risk reduction (95% CI 0.25-0.68) in older women, and a non-significant 20% risk reduction (95% CI 0.51-1.27) in middle-aged women.
With respect to pre-diagnostic ET use, we observed no reduction in BCM risk overall (ever use: HR = 0.93 [95% CI 0.68-1.27]) and associations did not differ by age at diagnosis (P heterogeneity = 0.18). While the point estimates were generally in opposite directions for all categories of ET We did not detect evidence of effect modification in the relationships between EPT use and risk of BCM by ER status, PR status, stage, tumor size, BMI, smoking, or race, although our sample size was constrained in the numbers of women of non-white race. In addition, we did not detect differences in BCM risk according to type of EPT used (e.g., continuous vs. sequential EPT).
In response to a recent report of differing breast cancer risk in relation to the time interval between EPT initiation and menopause [28] , we investigated whether risk of BCM differed according to this interval. Among middle-aged women, we observed BCM risk differing by the length of time between menopause and initiation of EPT use (P heterogeneity \ 0.001; Table 4 ). No association with BCM risk was observed for EPT initiated within 5 years of menopause (HR = 0.86 [95% CI 0.47-1.56]) whereas a 3.8-fold increased risk (95% CI 1.76-8.36) of BCM was observed for EPT use initiated 5 or more years after menopause among middle-aged women. Differences were not observed in the risk of BCM for older women by the interval between menopause and EPT initiation (P heterogeneity = 0.30), nor in either age group with respect to time interval between menopause and ET initiation.
We also investigated the impact of HT use on tumor characteristics (Table 5) . EPT use was inversely associated P heterogeneity = 0.05). In addition, we did not detect evidence of effect modification by history of mammography screening in the relationships between EPT use and tumor characteristics.
Discussion
Our study did not observe an association between prediagnostic ET use and risk of BCM in the aggregate of all women ages 45-79 years nor within middle-aged or older women. Among the two larger studies reporting results for ever use of ET in relation to mortality, one study observed a modestly increased risk (OR = 1.23 [95% CI 0.72-2.10]) of BCM among stage I breast cancers and the second reported an 11% reduction (95% CI 0.78-1.02) of BCM overall among women aged 50-79 years [5, 26] . Newcomb et al. reported that the risk of BCM did not differ by recency or duration of ET use. One study reporting on age modification observed past and current users of ET less than 60 years of age at diagnosis to be at a 40% (95% CI 0.4-1.0) and 60% (95% CI 0.2-0.6) reduced risk of BCM, respectively, while older past and current users of ET had no reduction (95% CI 0.6-1.8) and a 30% (95% CI 0.4-1.4) reduction in the risk of BCM, respectively, in comparison to non-users [30] . Our study observed a modest, non-significant increased risk of BCM generally among middleaged women and a non-significant decreased risk of BCM among older women in relation to ET use, but did not detect evidence of effect modification by age. Our findings, along with the prior reports for ET use overall with BCM, indicate that there is at most a modest association between ET use and death related to breast cancer. Our study observed a reduced risk of dying from breast cancer associated with ever use of pre-diagnostic EPT (in women overall: HR = 0.72 [95% CI 0.50-1.03]) that was largely confined to older women (HR = 0.45 [95% CI 0.26-0.80]). These findings are consistent with the majority of previous studies reporting a reduction in risk of BCM associated with pre-diagnostic EPT use [5, 7, 9, 18, 25, 26, 30, 34] . Among the two larger studies (n C 1500) investigating this research question, the reduction in risk of BCM associated with ever use of pre-diagnostic EPT was 48% (95% CI 0.26-1.04) and 27% (95% CI 0.59-0.91) [5, 26] . While the first study did not report on differences by duration or recency [5] , the second study observed the risk to vary by duration and recency of EPT use with the greatest reduction in risk reported among long-term EPT users (HR = 0.60 [95% CI 0.43-0.84]) and among current users (HR = 0.69 [95% CI 0.55-0.88]) [26] . In our analyses we observed rather consistent risk estimates associated with ever use, recency and duration of EPT use overall and within the two age groups.
With respect to effect modification by age, the two previous studies that have considered this relationship have not similarly observed age to modify the effect of EPT use, although their age cutpoints differed from our cutpoint of 65 years (\55 and \60, respectively; Refs.: [5, 26] ). In Testing the difference between initiation of HT use of \5 and C5 years after menopause for ever users Table 5 Relationship between pre-diagnostic hormone therapy use and breast cancer characteristics addition to the consistent associations observed for duration and recency of EPT use within the separate age groups in our study, we also observed EPT use to be associated with favorable prognostic features only among older women, including a 43% risk reduction of poorly differentiated tumors and a 1.7-fold increased risk of lobular tumors in older women. As the associations between EPT and favorable tumor characteristics were not similarly observed among middle-aged women, this may explain in part the differences in risks of BCM observed among the two age groups. It is also possible that with middle-aged women experiencing a lower baseline risk of BCM compared to older women, the reduction in risk associated with EPT use was more readily observed in older women. A recent report using data from the WHI trial and observational study suggests that initiation of EPT soon after menopause led to greater risks of breast cancer incidence (HR = [28] ). These authors also reported that the time interval between menopause and EPT initiation did not modify the association between EPT and overall mortality (HR for \5 years = 0.73 [95% CI 0.38-1.39]; HR for C5 years = 1.05 [95% CI: 0.84-1.33]; P value = 0.36), although they did not report on BCM. In our data we observed among middle-aged women a 3.8-fold increased risk of BCM for women initiating EPT use 5 or more years after menopause and no association among women who began use within 5 years of menopause. Taken together with the report by the WHI authors, these data suggest that middle-aged women initiating use of EPT 5 years after menopause do not experience an increased risk of breast cancer but if they develop breast cancer do not benefit from the improved survival associated with EPT use. As this pattern was not similarly observed in older women (and because the proportions of women who initiated use 5 years after menopause differs substantially between older and middle-aged women), it may in part account for difference in BCM risk by age observed in our dataset. Clearly, replication of these findings would be needed before any firm conclusion can be drawn.
Studies to date have been unclear as to whether a reduction in BCM associated with EPT use is attributable in part to differences in health seeking behavior between EPT users and non-users (particularly as it impacts screening practices) and/or to the impact of EPT use on tumor biology. In our investigation of the impact of HT use on tumor characteristics, we observed that ever use of EPT was associated with favorable prognostic features, including less aggressive grade among all women and among older women with lobular histology, after adjustment for screening. The literature is currently mixed on whether HT use is related to favorable prognostic features in tumors. Initially, HT use was thought to lead to improved prognosis with most of the observational studies reporting favorable associations between HT use and tumor features. These reports included associations between HT use and smaller tumor size [3, 16, 23, 32] , less aggressive grade [5, 29, 31] , decreased nodal involvement [14, 23, 31, 32] , less advanced stage [11, 14] , higher percentage of ER? [5, 11, 14, 16, 29, 32] , and favorable histology [15, 29] , including in situ tumors [21, 30] . However, some studies have either found no association between HT use and all favorable prognostic factors [19] or with some but not all favorable prognostic factors investigated [3, 5, 11, 23, 29, 30, 32, 33] . Most notably, the WHI trial reported findings in opposition to the bulk of the observational studies with the report that tumors of (essentially by definition short-term) EPT users were larger in size (P = 0.04) and more advanced in stage (P = 0.04; Ref.: [6] ). Interestingly, we observed some suggestion of increased risk of advanced stage disease among older women in relation to short-term EPT use. With respect to the conflicting reports in the literature, it is possible that publication bias plays a role [2] . However, there are important differences between the WHI trial and observational studies. Among them is the difference in mammography rates for non-users. (In WHI, non-users had yearly mammograms whereas in our study only 69.8% of never users had had a mammogram in the past 5 years). As such, non-users may have had smaller tumors detected in the WHI trial as opposed to our study in which non-users would be less likely to have smaller tumors detected because mammographic screening was undertaken less frequently.
We observed in several instances the impact of mammography on the associations between HT use and tumor characteristics to be substantial, including a nearly significant association between ET use and increased tumor size after adjustment for mammogram history. In addition we observed that HT users were receiving screening mammograms more regularly and with less time between mammogram and diagnosis compared to non-users in both age groups (an aspect that was not supported by another recent study investigating this research question; Ref.: [27] ). However, we also found in a subset of cases with this information available that HT users were no more likely to have had their cancer detected by a mammogram or health practitioner than never users of HT. In addition, screening was associated with EPT use to a similar degree in middleaged and older women; in middle-aged women, however, despite the increased screening in EPT users relative to non-users, EPT users were not observed to be at a reduced risk of BCM in relation to EPT use, suggesting that perhaps other factors contributed to the reduced BCM risk in older women. We did, however, observe that a recent mammogram reduced the risk of all-cause mortality by 50%. These findings taken together indicate that although the majority of EPT users' breast cancers were not detected by mammograms, mammograms may well serve as an important marker of health seeking behavior.
We investigated the potential for unmeasured health seeking behaviors to confound our associations by investigating the association between HT use and multiple mortality endpoints in our analyses. We observed the risk of all-cause mortality to be reduced among HT users (HR = 0.71 [95% CI 0.60-0.83]), a non-significant reduction in all cancer-related deaths (HR = 0.87 [95% CI 0.68-1.11]), and a reduction in risk of deaths due to CVD (HR = 0.51 [95% CI 0.35-0.74]). These associations were similarly observed in a previous report by another group investigating the role of pre-diagnostic HT use on breast cancer mortality [26] .
Within an observational study, such as this, a potential limitation is the possibility that unmeasured confounding factors play a role in the findings. Despite the breadth of data available to us for assessing potential confounding influences, including reproductive variables, BMI, screening, and breast cancer treatments, we could not exclude the possibility that unmeasured confounders accounted in part for our findings of a reduced risk of breast cancer death associated with EPT use. An additional limitation of this study is that the ascertainment of HT use relied on selfreports. However, a prior validation study conducted within the subset of women in our study who were originally recruited into the PACE Study (and who constitute the oldest age categories in this report) observed the agreement between self-reported medication use and pharmacy records overall to be good [4] . In addition, because the parent casecontrol studies observed breast cancer risks in relation to HT use that are consistent with those in the literature [10, 20] , we are fairly confident in the participant's reports of HT use. Lastly, a potential study limitation is the omission of a portion of breast cancer cases who were eligible but did not participate in the parent case-control studies. The primary reason a woman did not participate in the parent studies was that death from breast cancer occurred before she could be enrolled; thus, our study's findings may only be generalizable to women who have survived at least 1 year. Strengths of our study include the generous sample of women older than 65 years in whom we can investigate associations between HT use and BCM.
Conclusions
The results from this study suggest that the reduction in risk of BCM associated with EPT use prior to diagnosis is strongest among women who are 65 years of age and older at the time of diagnosis. In our investigation of the impact of screening mammography and tumor characteristics on this reduction in mortality, we observed HT use overall to be strongly associated with a history of mammography similarly in both age groups and EPT use to be associated additionally with favorable histology and grade among older women. The associations with tumor characteristics persisted beyond adjustment for screening, which provides support for the hypothesis that biologic mechanisms underlie the relationship between EPT use and BCM. In addition, we observed that the time interval between menopause and initiation of EPT use may contribute to the differences in risk of breast cancer-related death by age, but this would need to be confirmed by future studies. While our study cannot exclude the possibility that unmeasured confounders may affect our findings, our study adds to the growing literature indicating that pre-diagnostic EPT use is associated with a decreased risk of death among breast cancer patients, at least among older women.
